Introduction
Good ecological and chemical surface water status should be achieved in the countries of European Union according to the European Water Framework Directive (WFD) by 2015 [1] . In most European countries, assessment of water quality and calculation of biotic indices includes different analysis of macroinvertebrates: taxonomic composition, exact or relative abundance of species or higher taxa, diversity, dominance, ratio of trophic groups, family tolerance score and other significant biotic parameters [1] [2] [3] . As a group, macroinvertebrates are sensitive and respond to both natural and human induced changes in their environment [4] . Because of their sensitivity or tolerance to environmental changes, benthic macroinvertebrates are the most frequently used organisms in ecological assessment of quality in different water bodies [5, 6] . The problem is that certain taxa of macroinvertebrate may vary quite widely in sensitivity to water pollution in particular countries [7, 8] . For this reason, in many cases each country has individual benthic sampling methodology and river quality assessment systems [9] . Some projects, such as AQEM and STAR, for application of water quality assessment methods based on benthic macroinvertebrate fauna, phytobenthos, phytoplankton and fish fauna in different geographical areas were performed in Europe [3] . The knowledge on the impact of some environmental factors in different countries such as depth, shading, coverage by water vegetation, amount of organic matter, and pH on the peculiarities of distribution of invertebrates taxa of different ranks is still poor [10] [11] [12] . More simplified and general biotic indices have attempted to be created in order to detect organic pollution or general river degradation in many countries. The most common river quality evaluation indices are the EPT (Ephemeroptera, Plecoptera and Trichoptera number of taxa or relative abundance) [3, 5, 13, 14] , the BMWP (Biological Monitoring Working Party) score, the ASPT (Average Score Per Taxon) [7] , modified BMWP and adapted to particular country (as Poland, Spain, Hungary, Czech, Greece etc.) [3, 8, 15] , BBI (Belgian Biotic Index) [16] , ratio of trophic groups (scrapers, gatherers, filterers etc.) [15] , the DSFI (Danish Stream Fauna Index) [17] . The most rapid assessment of water status is based on simplified identification of macroinvertebrates to family level like in the case of BMWP, ASPT and their modifications [7, 18] . The DSFI is official method for quality assessment for Lithuanian rivers since 2005 [19, 20] . The identification of macroinvertebrates to the family and genera taxonomic levels is necessary for this method, and the taxa are considered as tolerant or sensitive to organic pollution [17, 19] .
In spite of quite numerous past and current scientific publications about benthic macroinvertebrate communities in Lithuanian rivers [21] [22] [23] [24] [25] [26] , knowledge on benthic macroinvertebrate distribution, their sensitivity and tolerance under different environmental conditions in rivers is not sufficient in our country. Water quality evaluation indices used in Lithuania were developed in other countries. However, due to climatic, hydrographic, faunistic and other differences, they are not entirely suitable for our country. The relationship between macroinvertebrate taxa and environmental parameters (especially determining organic pollution what is the most important pressure in our country) and relevance of various indices for assessment of ecological status of different inland waters are still lacking in Lithuania. This information is of particular importance for future accurate Lithuanian river quality assessment approach.
The aim of this stuty was to evaluate the influence of environmental factors on the distribution of macroinvertebrate taxa in different sized lowland Lithuanian rivers. A secondary aim was to assess ecological river quality based on macroinvertebrate fauna and to determine the most suitable biotic index. A final aim was to determine the most appropriate macroinvertebrate families for river quality, especially determining organic pollution, assessment in Lithuania.
Experimental Procedures

Study area, field sampling and environmental data
Benthic macroinvertebrates were investigated in 15 different sized rivers in 2003, 2004, and 2007 . River size typology in Lithuania is based on catchment area (small rivers 10-100 km 2 , medium-sized 100-1000 km 2 , large 1000-10000 km 2 , and very large >10000 km 2 ) [27] . The river temperature regime was classified according to the water temperature in July (cold-water rivers, when water temperature is up to 18°C and warm-water -water temperature is over 18°C) [27] . Eight study sites were selected in the very large river (the Nemunas River), two study sites were selected in the same medium size river (the Virinta River) and two study sites were selected in one small river (the Riešė River). Particular mineral microhabitat at each study site was chosen in order to establish the influence of bottom structure on benthic macroinvertebrate taxa distribution and abundance. All together, 24 study sites for benthic macroinvertebrate investigations were selected in Lithuanian rivers different in river size, temperature regime, bottom structure and other environmental parameters ( Table 1) .
Samples of macroinvertebrates were collected by standard kick-sampling method in depth up to 1 m in three 0.1 m 2 areas using a standard dip net (25×25 cm opening net bag with a mesh size of 0.5 mm) during spring (April, May) [19, 28] . Samples were fixed in 4% formaldehyde solution and sorted in the laboratory. Selected physical and chemical environmental variables were measured in the same study site as the macroinvertebrate sampling. Some physical environmental parameters (current velocity (m s -1 ), water temperature (°C), bottom structure (1 -stones, particle size >6 cm, 2 -pebble, 2-6 cm, 3 -gravel, 0.2-2 cm, 4 -sand, 0.06-0.2 cm), coverage by aquatic vegetation (1 -no vegetation, 2 -fragmental coverage, 3 -abundant), shading at zenith (1 -0% foliage cover, 2 -20%, 3 -≥40%) and deposits of Coarse Particulate Organic Matter (CPOM) (1 -covered to 1/3 of the bottom, 2 -1/3-2/3, 3 -more than 2/3) were noted on the field monthly during May and October. Merck compact laboratory for chemical water testing was used for the evaluation of chemical environmental parameters (pH, dissolved oxygen concentration (mg l -1 ), oxygen saturation (%), concentration of nitrates (NO 3 -N, mg N l -1 ), concentration of phosphates (PO 4 -P, mg P l -1 ), total and carbonate water hardness (mmol l -1 ). Amount of organic matter (permanganate oxidation, ChDSMn, mg O 2 l -1 ) was measured according to generally accepted methods (international standard -LST EN ISO 8467). Amount of organic matter and hydrochemical parameters were measured three times per year in each study site (in May, July and September). Average of measured physical and chemical environmental parameters was used for the analysis.
Macroinvertebrate sorting and identification
Collected samples were picked out and divided into separate taxonomical groups in the laboratory. Macroinvertebrates were preserved in 70% ethyl alcohol. Specimens were identified by authors with the help of available keys and publications [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . The individuals of each species (or higher taxa) were counted separately. Their abundance was evaluated as specimens' density per square meter (ind. m -2 ). Taxonomic identification was done to the lowest possible level (species). However, separate groups of macroinvertebrates were identified to higher taxonomic rank: Hydrachnidia, Oligochaeta and Turbellaria. Identification to the genera, family and order level of some Mollusca, Trichoptera, Ephemeroptera, Odonata, Coleoptera and Diptera was inevitable because of young or damaged specimens. The same Coleoptera species singled to larvae (denoted "Lv." in the text) and adult (denoted "Ad.") as separate taxa because of differences in their ecology. Taxonomic adjustment was made based on ASTERICS assessment software guidelines (AQEM/ STAR Ecological River Classification System, version 3.1.1) in order to avoid overlapping taxa of different taxonomic level [42] .
Data analysis
Dominant (D) species were estimated according to their relative share (%) in the communities [43] . Species frequency (F) was calculated as relative species occurrence in accordance to total number of studied sites [44] . Species diversity in surveyed river sites was calculated using Shannon-Wiener, Simpson and Margalef diversity indices based on ASTERICS assessment software. For the assessment of the ecological status of investigated rivers based on benthic macroinvertebrate fauna, different biotic indices were used: EPT number of taxa (EPT_taxa) and EPT relative abundance (EPT_%), BMWP, ASPT, BMWP-PL and DSFI. The calculations of biotic indices were carried out in accordance with methodical guidelines [28] and using ASTERICS assessment software [42] . The influence of physico-chemical factors on the abundance of macroinvertebrate taxa was analyzed using multiple Table 1 . Investigated rivers and main characteristics of study sites. Abbreviations: "R" -river, "VL" -very large, "L" -large, "M" -medium, "S" -small, "Shading" -shading at zenith (1 -0% foliage cover, 2 -20%, 3 -≥40%), "Vegetation" -coverage by aquatic vegetation (1 - 
Results
Fauna and distribution
During this study, 186 benthic macroinvertebrate taxa represented by 63 families and 3 higher taxonomic rank were recorded in 24 studied river sites. The majority of macroinvertebrates was identified to species (58%) or genus (32%) level. The benthic fauna was dominated by insects contributing 89.2% of the total number of macroinvertebrates collected. The highest species diversity was found for Diptera (58 taxa), Trichoptera (46) and Ephemeroptera (29) . The most frequent taxa (occurrence in more than 50% of study sites) were Oligochaeta Gen. sp., Hydrachnidia Number of taxa varied from 12 (in the Nemunas River at Gerdašiai) to 56 (in the Dubysa River) (Annex 1). Different biodiversity was shown in study sites according to various diversity indices. Shannon-Wiener diversity index varied from 1.41 (in the Susiena River) to 2.99 (in the Riešė River below Dvarikščiai). Simpson diversity index varied from 0.47 (in the Susiena River) to 0.93 (in the Grūda River). Margalef diversity index varied from 1.61 (in the Nemunas River at Gerdašiai) to 6.40 (in the Dubysa River) (Annex 1). It was likely that Margalef diversity index was the most suitable index for diversity evaluation in studied rivers: it was significantly related with total number of taxa (r s =0. 
Environmental variables
The mean current velocity varied from 0. . Some parameters were discarded from the multiple regression analysis in order to avoid collinearity. The coarse sediments (CPOM) were discarded because of high correlation with site shading (r s =1.00, P<0.05). It is obvious because less foliage cover causes less fallen leaves into the river. The carbonate water hardness was discarded because of high correlation with total water hardness (r s =0.87, P<0.05). The oxygen saturation was discarded from multiple regression analysis because of high correlation with concentration of dissolved oxygen (r s =0.96, P<0.05).
The impact of environmental factors on distribution and abundance of macroinvertebrate families
The impact of environmental factors has been analyzed for 52 macroinvertebrate families and 3 taxa of higher taxonomic rank. Multiple regression analysis showed that various environmental factors had the influence of different significance to the distribution and abundance of macroinvertebrates belonging to different families. Any significantly important environmental factor has been established for 16 families: Neritidae, Lymnaeidae, Bithyniidae, Psychomyidae, Hydropsychidae, Polycentropodidae, Lepidostomatidae, Leuctridae, Aphelocheiridae, Heptageniidae, Calopterygidae, Haliplidae, Empididae, Chironomidae, Tabanidae and Muscidae. Different environmental factors showed the statistically significant importance for the distribution and abundance of 36 families of macroinvertebrates as well as for 3 taxa of higher taxonomic rank (Oligochaeta, Turbellaria and Hydrachnidia) ( Table 2) .
Water temperature and current velocity had an influence on the highest numbers of investigated taxa (for 11 and 8 taxa out of 39, respectively) ( Table 2 ). The shading was important for the abundance of 8 families beeing important positively on the abundance of 5 families and negatively -on 3 families ( Table 2 ). The pH influence on the abundance of 4 macroinvertebrate families was determined. Bottom structure was important for the abundance of 3 Trichoptera families (Table 2) , these macroinvertebrates were found more abundantly on the hard bottom like pebble or stones. Bottom coverage by aquatic vegetation was important for the abundance of Valvatidae, Perlodidae, Platycnemidae and Gyrinidae positively and for Hydrachnidia and Potamanthidae -negatively. Hydrochemical parameters, such as amount of organic matter, concentrations of phosphates and nitrates, dissolved oxygen concentration in the water and water hardness, were important for the abundance of macroinvertebrates belonging to 25 taxa. The amount of organic matter had a positive influence on the abundance of 2 Mollusca families and of family Nemouridae ( Table 2 ). The phosphates concentration had a positive influence on the abundance of Planorbidae, Asellidae, Limoniidae and Simuliidae. Some macroinvertebrate taxa were influenced negatively by the amount of organic matter (Turbellaria, Hydrachnidia, Gammaridae, Sericostomatidae, Gomphidae), phosphates concentration (Hydrachnidia, Ephemeridae, Gomphidae, Hydroptilidae), and nitrates concentration (Potamanthidae). Very sensitive to the decrease of dissolved oxygen concentration in rivers were 5 families of insects, the abundance of Piscicolidae and Valvatidae being resistant to the lack of oxygen in the water (Table 2) . Water hardness had a positive influence on the abundance of 8 families (Table 2) .
Therefore, eight the most tolerant macroinvertebrate families, which had positive influences of hydrochemical parameters related with water pollution (amount of organic matter, concentration of phosphates and nitrates, oxygen concentration) were detected in accordance with multiple regression analysis: Unionidae, Valvatidae, Planorbidae, Asellidae, Piscicolidae, Nemouridae, Simuliidae and Limoniidae. Thirteen the most sensitive to organic pollution macroinvertebrate taxa in rivers were established: Turbellaria, Hydrachnidia, Gammaridae, Hydroptilidae, Glossosomatidae, Brachycentridae, Sericostomatidae, Caenidae, Ephemeridae, Potamanthidae, Perlodidae, Gomphidae and Athericidae.
The RDA analysis showed ( Figure 1 ) relationships between detected as sensitive and tolerant macroinvertebrate taxa with some environmental parameters related with organic pollution: amount of organic matter, concentration of phosphates, concentration of nitrates and dissolved oxygen. All explanatory variables explained 29% of the variation in invertebrate abundance. The two-dimensional approximation explained 77.4% of this (55.7% on axis 1 and 21.7% on axis 2).
Abundance of Turbellaria, Hydrachnidia, Perlodidae, Athericidae, Brachycentridae, Hydroptilidae, Sericostomatidae, Glossosomatidae and Nemouridae correlated with amount of organic matter negatively. The abundance of these families correlated positively with dissolved oxygen concentration also. Abundance of Potamanthidae, Gammaridae, Ephemeridae and Gomphidae correlated negatively with concentration of phosphates and nitrates ( Figure 1) . Abundance of Valvatidae, Unionidae, Caenidae and Piscicolidae were related positively with amount of organic matter. Abundance of Simuliidae correlated positively with concentration of nitrates. Planorbidae, Asellidae and Limoniidae were related positively with concentration of phosphates. The position of Caenidae and Nemouridae is questionable (Figure 1 ). Abundance of Caenidae was influenced positively both by water temperature and oxygen concentration and abundance of Nemouridae was influenced by amount of organic matter positively and by water temperature negatively according to results of multiple regression ( Table 2 ). The abundance of Gomphidae was influenced negatively by concentration of phosphates and amount of organic matter, but the positive impact of water temperature on this family leads to the fact that Gomphidae should be treated as indicator of water quality with a caution. According to these data we excluded Caenidae, Nemouridae and ), "Shading" -shading at zenith (% foliage cover) and "Vegetation" -bottom coverage by aquatic vegetation (% coverage).
Gomphidae from the list of the most tolerant and the most sensitive taxa to organic pollution.
Assessment of ecological status of rivers according to benthic macroinvertebrates
The quality assessment of studied rivers was carried out applying six widely used ecological methods (Annex 1). The number of EPT_taxa in study sites varied from 1 (in the Nemunas River at Gerdašiai) to 29 (in the Dubysa River) (mean 14.54±1.54). EPT_taxa was positively related to some water quality assessment indices: the strongest positive correlations were found with BMWP and BMWP-PL (r s =0.92) as well as with DSFI (r s =0.81). Significant correlations were found between EPT_taxa and some hydrochemical parameters such as oxygen saturation (r s =0.74), dissolved oxygen concentration (r s =0.66), amount of organic matter (r s =-0.59) and phosphates concentration (r s =-0.41).
The greatest relative EPT_% abundance (86.54%) was detected in the Susiena River and the lowest one The BMWP scores varied from 22 (in the Nemunas River at Gerdašiai) to 201 (in the Virinta River (stony bottom)) in study sites (mean 125.88±10.19). The ASPT scores varied from 3.67 (the Nemunas River at Gerdašiai) to 7.13 (the Šventoji River) (mean 6.10±0.17). The BMWP_PL scores varied from 27 (the Nemunas River at Gerdašiai) to 193 (the Dubysa River) (mean 118.63±8.96). The DSFI scores varied from 3 (in five sites of the Nemunas River) to 7 (the Šventoji, Merkys, Grūda, Vilnia, Virinta (both sites), Ūla-Pelesa, Susiena, Riešė (both sites) rivers) in study sites (mean 5.5±0.34).
According to a number of indices of ecological status (BMWP, ASPT, BMWP-PL, DSFI), which divide rivers into quality classes (I-V classes), no highly polluted rivers falling within water quality class V have been recorded. According to all investigated indices, 8 river sites showed a very good ecological status and fell within quality class I: the Dubysa, Šventoji, Merkys, Vilnia, Virinta (stony bottom), Ūla-Pelesa, and both sites in the Riešė River.
Having compared categorical indices of ecological status (BMWP, ASPT, BMWP-PL, DSFI) it was found that DSFI was the most suitable method for quality assessment in Lithuanian rivers. Significant relations (Spearman correlation) between DSFI and quality classes according to DSFI and all hydrochemical parameters related with organic pollution were detected (Table 3) . Four significant correlations with hydrochemical parameters were observed for BMWP index; three correlations were founded for ASPT, BMWP-PL indices and for quality classes according to BMWP; two significant correlations were detected for quality classes according to BMWP-PL and no significant relations were founded for quality classes according to ASPT index ( Table 3) .
The RDA analysis showed (Figure 2 ) that DSFI index negatively correlated with amount of organic matter, nitrate and phosphate concentration in the water. The correlation of other biotic indices was not so close with the organic pollution as that of DSFI (Figure 2 ). All explanatory variables explained 39% of the variation. The two-dimensional approximation explained 93.1% of this (83.9% on axis 1 and 9.2% on axis 2).
Discussion
Benthic macroinvertebrate sampling in Lithuanian rivers during spring stated high taxonomic diversity (with maximum of 56 taxa per square meter). The best growing season for benthic macroinvertebrate is spring or autumn and furthermore, macroinvertebrate sampling in rivers is recommended to carry out during spring or autumn in order to avoid the more extreme hydrological regime and temperature conditions [13, 28, 45] . From a total 186 taxa identified, less than 20 families were recorded in five surveyed sites of very large the Nemunas river (18 families at Seredžius, 17 -at Varviškė, 16 -at Merkinė and Alytus, 7 -at Gerdašiai) and in two small rivers (19 families in the Elmė River and 18 -in the Varius River). More than 30 families were recorded in ), concentration of phosphates (PO 4-P, mg P l six large, medium-sized and small rivers: the Dubysa (37 families), Virinta (at stony bottom, 34 families), Riešė (below lake, 34 families), Ūla-Pelesa (32) , Riešė (at Dvarikščiai, 32) and Mūšia (31) rivers. Diptera (58 taxa belonging to 5 families), Trichoptera (46 taxa belonging to 8 families), and Ephemeroptera (29 taxa, belonging to 6 families) were the most diverse orders in the rivers. The dominant macroinvertebrates (S. ignita,  B. fuscatus, B. rhodani, B. maculatus) recorded were typical for many European lowland rivers [46] [47] [48] [49] .
The occurrence of macroinvertebrates in running waters is affected by various factors, i.e. water quality parameters, type of substratum and its chemical composition, the presence of aquatic macrophytes, but first of all by physical environmental variables such as water temperature and current velocity [50] [51] [52] . Families, genus and species within any benthic macroinvertebrate family which differ in their habitat preferences are used in biotic indices. In case of pollution, invertebrate organisms, i.e. stoneflies, mayflies and caddisflies, the abundance of which is decrease with water quality getting poorer, are the first to react to pollution [5, 6, 14] . The BMWP index does not take in to account the abundance of each family, merely the presence or absence of each family at the site. This was the reason why the family rank was the most important rank during this investigation. The tolerance and the sensitivity to changes of environmental parameters influence the abundance and the distribution of particular hydrobiont and this influence the possibility to find or not to find the particular hydrobiont during investigation.
Our investigations have showed that in most cases water temperature had an impact to benthic macroinvertebrates. Water temperature had an influence on the macroinvertebrate abundance of 11 families out of 39. The thermal regime of rivers plays an important role in the overall health of aquatic ecosystems, including water quality issues and the distribution of aquatic species within the river environment [53] . Water temperature influences many physical and biological processes in water ecosystems, such as: oxygen regime, potential of water self-purification, water chemical characteristics (solidity, alkalinity, etc.) [54] . It is known that the number of taxa and the abundance of individuals correlate positively with water temperature in running waters [23] . Specific insects groups for large, medium and small rivers and species, as indicators of cold water are known already in Lithuanian rivers [55] .
Abundance of Sphaeriidae (this family is given 4 scores out of 10 according to BMWP), Oligochaeta (1 score for BMWP and 2 scores for BMWP-PL), Erpobdellidae (3 scores according to both indices) were positively related with water temperature. These families are treated as indicators of organic pollution by BMWP as well as by DSFI (Sphaerium genus). Abundance of Viviparidae (6 and 7 scores according to BMWP and BMWP-PL) was related positively not only with water temperature but also with current velocity. The abundance of Caenidae was positively influenced by the oxygen concentration but also positively influenced by water temperature. Results obtained by multiple regression and by RDA analysis (Figure 1 ) have showed that Caenidae cannot be treated as reliable indicators of clean water in rivers. It is known, that Caenidae are more pollution tolerant (7 points in BMWP, the 3 and 4 indicator group in DSFI) than other families of Ephemeroptera [7, 17] .
Water temperature had a negative impact on abundance of Goeridae, Limnephilidae, Hydraenidae. The status of Goeridae and Limnephilidae differ according to BMWP: Goeridae is given 10 or 9 scores and Limnephilidae is given 7 scores, but according to DSFI both families belong to the positive diversity group. Some other parameters are also important for abundance of Goeridae and Limnephilidae. It is known that the influence of bottom structure was determined as the most important factor for the abundance of Silo pallipes, the most abundant Goeridae species in our country [24] . This was confirmed during our investigations as the bottom structure revealed to be important factor for this family also. Abundance of Limnephilidae was negatively influenced by current velocity as this was determined by Višinskienė also [24] . It is known that the abundance of some species of Limnephilidae correlated positively with amount of organic matter [56] and this could have an impact on the lower rating of this family according to BMWP. Similarly the abundance of Nemouridae was influenced by water temperature negatively but was also influenced by amount of organic matter positively. This family is rated by 7 (according to BMWP) and by 6 scores (according to BMWP-PL). In the DSFI estimation Nemoura and Nemurella genera are ascribed to the positive diversity group together with other Plecoptera genera, but Protonemura and Amphinemura (belonging to Nemouridae family) have different indicator group value, which mean that Nemouridae family combines genera quite different in their biology and this family cannot be treated as an important indicator of organic pollution. The influence of some environmental parameters can be determined for macroinvertebrates up to family rank, but different environmental parameters could have an impact on the macroinvertebrate abundance of lower rank such as genus or species. For example, it is known that the abundance of Leptoceridae family (Trichoptera) is positively influenced by higher current velocity (Table 2 ) [24] . This family consists of different genera and species which can be found in different river habitats. The abundance of Mystacides genus (conversely to whole Leptoceridae) larvae is known to be negatively influenced by higher current velocity [24] .
On the contrary the abundance of Gomphidae was related positively with water temperature and negatively with amount of organic matter and concentration of phosphates. This family can be treated as an indicator of water quality with a caution. The family is not used in the estimation of DSFI but it is given 8 scores according to BMWP. Abundance of Unionidae and Valvatidae were influenced positively by the amount of organic matter and these families were rated from 3 to 7 scores according to BMWP. Sensitive to organic pollution macroinvertebrate families were given from 6 (Gammaridae) to 10 (Sericostomatidae) scores according to BMWP. Two families of Turbellaria are used in the estimation of BMWP and only 5 scores are given to these invertebrates. Tricladida suborder (belonging to Turbellaria) is ascribed to the positive diversity group according to DSFI. According to Swedish scientists the abundance of Turbellaria increase by increasing organic pollution [57] .
A type of organic pollution can occur when inorganic pollutants such as nitrogen and phosphates accumulate in aquatic ecosystems. All families which were determined to have positive influence of phosphates concentration in the water (Planorbidae, Asellidae, Limoniidae and Simuliidae) were used in the estimation of BMWP and were given from 3 to 6 scores. According to DSFI Asellus genus from Asellidae family is ascribed as negative diversity group. It is known that high concentrations of black fly larvae (Simuliidae) occur when the food supply is good, e.g., downstream of lakes [58] , but larvae are few in number to completely absent in highly polluted rivers [59] . Abundance of Hydroptilidae and Ephemeridae were negatively influenced by phosphates concentration. These families differ in their rating according to BMWP as Hydroptilidae is given 6 scores and Ephemeridae is given 10 scores (7 scores according to BMWP-PL). However both families are treated as positive diversity group according to DSFI. Our results had confirmed that concentration of phosphates has a negative effect on the abundance of Hydroptilidae caddisflies [24] .
This investigation revealed that abundance of Hydrachnidia, which was not used in the estimation of biotic indices, was negatively influenced by the amount of organic matter as well as phosphates concentration. So, this taxa could be used in detection of chemical disturbance to lotic ecosystems [60] . Potamanthidae family is given 10 scores according to BMWP and our results have proved this because the abundance of this family was influenced negatively by the nitrates concentration in the water.
The increase in organic matter leads to a depletion of oxygen as the decomposition process occurs. The increase in water temperature can lead to a decrease in the dissolved oxygen level in the water while also increasing the biological demand of aquatic organisms for oxygen. So, the sensitivity of certain taxa to the lack of oxygen can be treated as indicator of water pollution by organic matter. Sensitivity to the lack of oxygen was characteristic for Glossosomatidae, Brachycentridae, Perlodidae and Athericidae and these families were given from 8 to 10 scores according to BMWP (7-9 scores according to BMWP-PL). Glossosomatidae, Brachycentridae and Perlodes genus are also used in estimation of DSFI as positive diversity groups. Athericidae is used only in the estimation of BMWP-PL index, but it is known that different genus differ in biology within the family [61] . Atrichops genus is known to correlate positively with current velocity [61] . Višinskienė stated that the abundance of Glossosomatidae family in rivers was affected by cold-water temperature regime and the abundance of Brachycentridae was influenced by sufficient current velocity, even though for the abundance of Brachycentrus caddisfly the higher amount of oxygen in the water was one of the most important environmental factors [24] . Abundance of Valvatidae and Piscicolidae were influences negatively by the amount of oxygen and these families were given only from 3 to 4 scores according to BMWP.
Physical environmental parameters as bottom structure and higher flow velocity influence the higher natural quality for EPT, ASPT and DSFI [62] . Families influenced positively by current velocity during this investigation were also treated as indicators of clean water according to BMWP: Hydroptilidae (6 scores according to BMWP, 6 scores according to BMWP-PL), Leptoceridae (10 and 10 scores), Ephemeridae (10 and 7 scores, respectively). Families which were related negatively with current velocity during this investigation were given only 5-7 scores according to BMWP and BMWP-PL.
The lowest abundance and biomass of caddisfly larvae was characterized for sand bottom [63] and the highest abundance and biomass of caddisfly as well as mayfly was characteristic of stony bottom in Lithuanian rivers [64] . Our investigation had confirmed this information as bottom structure was important for the abundance of some Trichoptera families. Bottom coverage by aquatic vegetation had an impact on the diversity and abundance of water macroinvertebrates. Our results have showed its positive impact on the abundance of four families (Table 2) .
Number biotic indices have been created for quality assessment of European rivers according to different benthic macroinvertebrate (classes, families, genera and species) distribution, abundance and sensitivity to water quality parameters [3, 7, 8, 14, 17] . The BMWP, ASPT and BMWP_PL indices appear to be particularly useful for rapid bioassessment because any sampled macroinvertebrates are identified only to family level and abundance of each family does not take in to account. There are families or genera and species within any macroinvertebrate family which differ in their habitat preferences and sensitivity to environmental parameters in different countries. For example, the caddisfly family Brachycentridae has scale number 10 in the original BMWP system, and scale number 7 in modified to Poland BMWP [7, 8] .
According to our results, the lowest taxa richness and abundance were in the sites in very large river (23.5±2.08 taxa m -2 , 2025.6±461.8 ind. m -2 , respectively) and the highest taxa richness and abundance were detected in the large rivers (48.0±4.36 taxa m -2 , 4607.7±793.4 ind. m -2 ). The observed relationships were in concordance with the River Continuum Concept also [65] . On the other hand, it is known, that DSFI became lower in the largest rivers than in the smallest sizes [62] .
Having compared biotic indices of ecological status the DSFI was found to be the most suitable method for quality assessment in rivers of Lithuania. First of all, significant correlations between DSFI and quality classes according to DSFI and all studied hydrochemical parameters related with water quality, such as dissolved oxygen concentration, oxygen saturation, amount of organic matter, concentration of nitrates and phosphates were detected. Secondly, a frequent family of benthic invertebrates joins genera and species with quite different biological properties as in the cases of aforementioned Nemouridae and Leptoceridae families. Identification to genus and estimation of abundance of species and individuals (DSFI) give considerably more information on the ecological status of a river.
To demonstrate different aspects of water quality, integral metrics (including taxa richness, abundance, biodiversity, sensitive taxa and other metrics) are highly recommended [1, 45, 62] . Multimetric indices for fresh water bodies were developed in some European countries already [45, 66, 67] .
To sum up, we established seven of the most tolerant (Unionidae, Valvatidae, Planorbidae, Asellidae, Piscicolidae, Simuliidae and Limoniidae) and eleven of the most sensitive macroinvertebrate families or taxa of higher rank (Turbellaria, Hydrachnidia, Gammaridae, Hydroptilidae, Glossosomatidae, Brachycentridae, Sericostomatidae, Ephemeridae, Potamanthidae, Perlodidae and Athericidae) for river quality evaluation in Lithuania. Additionally, our studies have indicated the DSFI method intended for estimation of ecological status of rivers, until any more accurate estimation method is created, is the most suitable method to evaluate ecological status of rivers in Lithuania. Numbers indicate localities described in Table 1 . Asterisks denote all families in taxa group. Annex 1. The list of benthic macroinvertebrate families recorded in Lithuanian rivers during spring sampling, total number of taxa within families and different biotic indices in the studied river sites. Numbers indicate localities described in Table 1 . Asterisks denote all families in taxa group. 
